ABSTRACT
INTRODUCTION
Recently, several studies have reported that the prevalence and risk factors for pelvic organ prolapse (POP) and stress urinary incontinence (SUI) differ between ethnic groups [1] [2] [3] [4] . In a large population-based cohort study (n = 1136), which included Caucasian (n = 569), African-American (n = 209), Asian (n = 159) and Latina (n = 199) women, Whitcomb et al. reported that Caucasian and Latina women had four to five times higher risk of symptomatic prolapse compared with African-American women 3 . Graham et al. assessed retrospectively the effect of ethnicity on SUI and POP in 183 African-American and 132 Caucasian women and reported that Caucasian ethnicity was the most significant predictor of genuine SUI (odds ratio, 2.21) when compared with African-American ethnicity 1 . To further investigate the claimed rarity of SUI in black women, both Knobel et al. and Skinner et al. studied pelvic floor contractility and urethral length in black South African women and found them to have greater pelvic floor contractile strength (using a Kegel perineometer) and urethral length (measured with a calibrated Foley catheter) when compared with Caucasian and Indian women 5, 6 . While these differences have been shown by clinical examination, recently, ultrasound has emerged as a simple, dynamic and potentially more objective diagnostic tool for the evaluation of the pelvic floor and pelvic organ support 7 . Using four-dimensional (4D) translabial ultrasound, Shek et al. showed substantial differences with regards to pelvic organ mobility and levator hiatal biometry between nulliparous Ugandan and Caucasian women, with all measurements being higher in Ugandan women (all P ≤ 0.01) 8 . The aim of the present study was to compare levator hiatal area at rest, on maximum pelvic floor muscle contraction (PFMC) and on maximal Valsalva maneuver, and pelvic organ mobility in healthy nulliparous women from a racially diverse South African population comprising black Africans, South Asians and Caucasians.
SUBJECTS AND METHODS
In this prospective observational study, healthy nulliparous women aged between 18 and 40 years were recruited from the general gynecology clinic as well as from the local nursing college, in Pretoria, South Africa between June 2012 and April 2015. Ethnicity was both self-reported and assigned by a researcher (Z.A.) to one of three ethnic categories (South Asian, Caucasian or black) after recording the ethnicity of all four grandparents. There was no discrepancy between self-reported ethnicity and that assigned by the researcher. Women with mixed ethnicity were excluded. All patients gave written informed consent. Ethics approval was obtained from the Human Research Ethics Committee, University of Pretoria (226/2011).
After informed consent was obtained, women were requested to empty their bladder and thereafter a clinical examination for prolapse was performed in those who had previously been sexually active, using the POP quantification (POP-Q) grading system by the International Continence Society, with the patient in the supine position 9 . A vaginal examination was not performed in women with an intact hymen. Subsequently, three-dimensional (3D)/4D transperineal ultrasound (TPS) was performed using a GE Voluson i ultrasound system (GE Medical Systems, Zipf, Austria) with a RAB 8-4-MHz transducer at an acquisition angle of 85
• , as described previously 7 . TPS was performed with the probe covered with a powder-free glove and applied in the midsagittal plane to the introitus using moderate pressure. Volumes were acquired at rest, on maximum PFMC and during maximal Valsalva maneuver. Patients performed Valsalva for at least 5 s, and the best of three volumes was used for analysis 10 . Using visual biofeedback, an attempt was made to correct for levator co-activation by requesting the women observe the narrowing and widening of the levator hiatus during the maneuvers 11 . 3D volumes were measured offline using GE 4DView (GE Medical Systems), as described previously 7 . Using the best Valsalva maneuver, pelvic organ descent measurements were obtained relative to a horizontal line from the inferior margin of the pubic symphysis ( Figure 1 ). Positions of the bladder neck and of the most dependent/leading parts of the bladder, cervix and rectal ampulla were measured, as described previously 12 . Levator hiatal area was assessed in the plane of minimal hiatal dimensions 13 by one author (Z.A.), 6-8 weeks after acquisition and with de-identification (blinded to ethnicity and patient identification). Levator hiatal area was measured using highly repeatable methods [14] [15] [16] [17] .
Statistical analysis
Statistical analysis was performed after testing for normality with the Kolmogorov-Smirnov test, using Valsalva datasets for analysis. Pelvic organ mobility was measured in only 165 women (South Asian, n = 33; Caucasian, n = 61; black, n = 71) due to a clerical error in data acquisition and storage upon initiation of the study. Table 1 shows the demographic characteristics and 3D-TPS findings in each ethnic group. One-way ANOVA revealed that Caucasian women were younger (P < 0.001) and black women had a higher BMI (P = 0.004) ( Table 1) . ANCOVA was performed to determine if age and BMI were statistically significant confounders of pelvic organ mobility and levator hiatal area. Post-hoc Bonferroni analysis was used to determine the differences between groups. Pelvic organ descent and mean levator hiatal area at rest, on PFMC and on maximal Valsalva were all greater in black women than in the other ethnic groups (P < 0.0001), even after controlling for age and BMI as potential confounders.
Of the 165 women with pelvic organ mobility results, POP-Q data were available for 142 (South Asian, n = 31; Caucasian, n = 49; black, n = 62) as vaginal examination was not performed in 23 women who had an intact hymen. The mean values for POP-Q coordinates are presented in Table 2 . South Asian women had the least organ mobility as compared with Caucasian and black women (P < 0.0001). No difference was noted between groups for measurements of the genital hiatus and perineal body. In short, we found that black women had greater pelvic organ descent on both ultrasound and clinical examination and greater distensibility compared with South Asian and Caucasian women. Anterior compartment descent was the most common finding on Valsalva maneuver (Table 1 ). Multivariate modelling revealed that black ethnicity remained a significant factor for pelvic organ mobility on clinical examination (P = 0.024). Data are given as mean ± SD. *Pelvic organ mobility measured in only 165 patients (South Asian, n = 33; Caucasian, n = 61; black, n = 71) due to error in data acquisition and storage. PFMC, maximum pelvic floor muscle contraction. 
DISCUSSION
In this multiethnic South African nulliparous population, we found significant differences between ethnic groups as regards levator hiatal area and pelvic organ mobility, both on ultrasound and on clinical examination. To date, studies on ethnic differences in pelvic floor anatomy have focused largely on Caucasian women, using clinical examination [2] [3] [4] . Although it is widely accepted that pelvic floor trauma as a consequence of vaginal childbirth is a significant factor for pelvic floor dysfunction, it is likely that congenital/hereditary factors need further exploration 18, 19 . Our finding of increased levator hiatal area and pelvic organ mobility among black women are similar to the recently published findings of Shek et al. 8 . In our study, bladder neck, bladder, uterine and rectal descent were all significantly greater in black women as compared with South Asian and Caucasian women. Using the same methodology and ultrasound model, Shek et al. explored pelvic organ support in 76 healthy nulliparous Ugandan volunteers 8 . The mean levator hiatal area in black women in our study was 13.6 cm 2 at rest and 18.1 cm 2 on Valsalva, which compares with 15.7 cm 2 at rest and 22.8 cm 2 on Valsalva for the Ugandan volunteers. Levator hiatal area and pelvic organ descent were significantly greater in Ugandan women compared with Caucasians, which is consistent with our findings. In our study, South Asian women demonstrated the smallest levator hiatal areas (at rest, on PFMC and on Valsalva) and the least pelvic organ mobility compared with Caucasian and black women. Interestingly, compared with Caucasians (n = 161), East Asian women (n = 16) were also found to have significantly less pelvic organ mobility of the anterior and posterior vaginal compartment both in early pregnancy and postpartum 20 .
The strengths of our study include the three-way comparison of ethnic groups which, to our knowledge, is the first such study in the literature. Another strength is the use of identical methodology to the only other African study by Shek et al. 8 and inclusion of a POP-Q examination in nulliparae who were sexually active. While the three ethnic groups we examined are not fully representative of the South African population, they come close. The South African demographic profile in 2014 revealed that black Africans comprised 79.2% of the total population, with white, Asian and mixed race constituting ethnic minority groups (20.8%).
Limitations of our study include the fact that our patients were recruited from a gynecology clinic and may not be fully representative of the general population. However, they were seen for contraceptive advice or other gynecological conditions, with none presenting with symptoms of pelvic floor disorders, limiting potential selection bias. Furthermore, ultrasound acquisition and clinical examination were performed by the same researcher (Z.A.) who was thus not blinded to ethnicity. To overcome this potential bias, volumes were de-identified during acquisition and analyzed 6-8 weeks later; hence, the ultrasound data presented here should not be confounded by assessment bias. However, level of education and type of work were not enquired about and these could be potential confounders. Power calculations were not performed due to absence of such data in the literature at the time of study planning in 2011. Lastly, although women with mixed ethnicity were excluded, we acknowledge that their inclusion might have added further information.
Regardless of those potential shortcomings, it seems highly likely that black nulliparae show increased levator hiatal dimensions and pelvic organ mobility compared with other ethnic groups. A plausible explanation could be that both muscle and connective tissue support structures may be more elastic and/or distensible in black women than in Caucasians or South Asians. Such differences in the biomechanical properties of pelvic organ support tissues may be due to differences in lifestyle, nutritional factors and/or genetic/congenital factors, and further studies are needed to separate these. It is possible that such differences may be attributable to morphological variations in the dimensions of the bony pelvis in different ethnicities. This seems unlikely, however, given that we found larger hiatal dimensions and more organ descent in black women while a study of bony dimensions documented smaller pelvic diameter in this ethnic group compared with Caucasians 21 . Both pelvic organ mobility and levator hiatal dimensions have been shown to be predictors of delivery outcome in pregnant women, an issue that deserves further study [22] [23] [24] . Regardless of causation, one could speculate that the increased pelvic floor distensibility in black women might be protective of childbirth trauma, i.e. levator avulsion, and may result in a shorter second stage of labor, which make our findings of potential obstetric interest 24 . We are currently undertaking a study to evaluate changes in pelvic floor morphology pre-and post-delivery in black South African primigravidae and will test this hypothesis once recruitment is complete. Long-term follow-up of these nulliparous women using the same methodology will be useful to identify other potential risk factors of pelvic floor dysfunction over time.
In conclusion, the results of this study support our primary research hypothesis that there are significant ethnic differences in pelvic floor functional anatomy, differences that may well affect both connective tissue and muscle 25 . This is evident both on pelvic floor ultrasound and on clinical examination. The combination of greater distensibility and pelvic organ mobility in black South African women compared with Caucasians and South Asians deserves further study.
